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(57) ABSTRACT 

A quickly attachable electric generator device for producing 
electric power from surfaces of hot or cold pipes. The inven 
tion provides a thermoelectric unit which includes a pedestal 
comprised of a material with high thermal conductivity on 
which a thermoelectric module is located. The pedestal 
includes a heat transfer element made to conform to a hot or 
cold cylindrical surface. The module also includes a module 
to-air heat transfer element and the thermoelectric module is 
compressed between the air-to-module element and the ped 
estal. This element is referred to as a heat sink when energy is 
extracted from a hot surface and is referred to as a heat source 

when energy is ?owing from the air and a cold surface. In 
preferred embodiments the heat transfer element is a thin 
?exible heat conductor that conforms to the hot or cold sur 
face of various shapes and serves as a heat transfer conduit to 
transfer heat to or from a rigid portion of the pedestal. Electric 
energy is generated from the heat ?owing through the mod 
ule. 

22 Claims, 16 Drawing Sheets 
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THERMOELECTRIC DEVICE WITH 
SURFACE CONFORMING HEAT 

CONDUCTOR 

The present invention relates to thermoelectric devices and 
in particular techniques for producing electric poWer from 
existing heat sources such as hot pipes. This application is a 
continuation in part of Ser. No. 11/138,741 ?led May 25, 
2005. 

BACKGROUND OF THE INVENTION 

A Well-knoWn use for thermoelectric devices is for the 
extraction of electric poWer from Waste heat. For example, 
US. Pat. No. 6,527,548 discloses a selfpoWered space heater 
for a truck in Which heat energy for the heater is used to poWer 
electric components of the heater plus charge a battery. In 
US. Pat. No. 6,053,163 heat from a stovepipe is used to 
generate electricity. US. Pat. No. 6,019,098 discloses a self 
poWered fumace. Various types of thermoelectric modules 
are available. A very reliable thermoelectric module With a 
gap-less egg-crate designis described in US. Pat. Nos. 5,875, 
098 and 5,856,210. US. Pat. No. 6,207,887 discloses a min 
iature milli-Watt thermoelectric module useful in space appli 
cations (and special applications on earth) in combination 
With radioactive heat source. 
A typical thermoelectric module is Hi-Z Model HZ-2, 

commercially available from Hi-Z Corporation With of?ces 
in San Diego, Calif. It is a square module With 2.9 cm sides 
and is 0.5 cm thick. It produces about 2 Watts at 4 volts When 
sandWiched betWeen hot and cold surfaces With a temperature 
difference of about 200 degrees centigrade. This unit sells for 
less than $50. 
Quantum Well very thin layer thermoelectric modules are 

knoWn. Some are described in US. Pat. Nos. 6,096,965, 
6,096,964, 5,436,467 and 5,550,387. US. Pat. No. 6,624,349 
describes an electric generator using a thermoelectric module 
to generate electric poWer from the heat of fusion produced by 
the freeZing of a phase change material. All of the above 
referenced patents are assigned to Applicant’ s employer and 
they are all incorporated herein by reference. 

Tracking and surveillance devices are available for track 
ing vehicles. Devices are available that can be attached to an 
motor vehicle that Will transmit radio signals indicating the 
latitude and longitude of the motor vehicle to a monitoring 
stations. Trucking systems can use these systems to keep 
track of its vehicles as they traverse the United States. Police 
can attach these devices to motor vehicles of evil people to 
keep track of them. These devices are typically poWered by 
batteries so that their useful life is limited. A typical tracking 
device is a Model ST-18 PTT available from Telonics, Inc 
With of?ces in Mesa AriZ. The unit operates at 4 volts and 
requires about 1/2 Watt to transmit via the Argos tracking 
system. Argos is a satellite-based system in operation since 
the late 1970’s and is utiliZed World Wide to track just about 
anything from ships, to trucks to birds. 

The phrase “magnetic materials” is a phrase generally 
applied to materials exhibiting ferromagnetism. In this patent 
application the phrase Will be used to describe materials such 
as iron, nickel or cobalt and alloys of these material and 
products made from these materials and their alloys (such as 
tail pipes and mufflers) to Which magnets are strongly 
attracted. 

Most of the Waste heat in industry, motor vehicles, com 
mercial and residential situations is transported aWay in 
pipes. Only a very small portion of the energy in this Waste 
heat is recovered. 
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2 
What is needed is a product that can produce small amounts 

of electric poWer from a hot or cold surface and can be 
attached to the surface quickly and easily especially for the 
recovery of energy from Waste heat. 

SUMMARY OF THE INVENTION 

The present invention provides a quickly attachable elec 
tric generator device for producing electric poWer from sur 
faces of hot or cold pipes. The invention provides a thermo 
electric unit Which includes a pedestal comprised of a 
material With high thermal conductivity on Which a thermo 
electric module is located. The pedestal includes a heat trans 
fer element made to conform to a hot or cold cylindrical 
surface. The module also includes a module-to-air heat trans 
fer element and the thermoelectric module is compressed 
betWeen the air-to-module element and the pedestal. This 
element is referred to as a heat sink When energy is extracted 
from a hot surface and is referred to as a heat source When 
energy is ?oWing from the air and a cold surface. In preferred 
embodiments the heat transfer element is a thin ?exible heat 
conductor that conforms to the hot or cold surface of various 
shapes and serves as a heat transfer conduit to transfer heat to 
or from a rigid portion of the pedestal. Electric energy is 
generated from the heat ?oWing through the module. 

In preferred embodiments a number of thermoelectric units 
are contained in a cover useful for Wrapping around hot or 
cold pipes or covering other hot or cold items. This embodi 
ment is designed for loW cost and ease of installation. Another 
preferred type of embodiment of this invention is a quick 
attachment thermoelectric device. The device includes at 
least one permanent magnet for providing a magnetic attrac 
tive force to hold a surface of a thermoelectric module against 
the hot or cold surfaces. In this preferred embodiment the 
module is utiliZed to provide electric poWer to poWer a trans 
mitter to transmit information regarding the location of the 
motor vehicle to Which it is attached. Standard thermoelectric 
modules available on the market can be utiliZed. Another 
preferred embodiment is designed especially to provide elec 
tric poWer to loW use instruments at locations remote from 
utility electric poWer. This is a relatively high e?iciency 
device in Which the bottom of a metal pedestal is made to 
conform to the hot or cold surface. The thermoelectric mod 
ule is held in compression betWeen the pedestal and a ?n unit 
and the pedestal is compressed against the hot or cold surface 
With a Worm drive pipe clamp. 

For highest module ef?ciencies quantum Well modules are 
preferred With p-legs and n-legs, each leg being comprised of 
a large number of at least tWo different very thin alternating 
layers of elements. For applications Where the temperature 
range is relatively loW, a preferred quantum Well choice is 
n-doped Si/SiGe for the n-legs and p-doped Si/SiGe for the 
p-legs. At higher temperatures the preferred quantum Well 
legs are alternating layers of silicon and silicon carbide for the 
n-legs and for the p-legs alternating layers of different sto 
ichiometric forms of B-C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A through 6 shoW the steps of assembling a pre 
ferred embodiment of the present invention. 

FIG. 7 shoW the preferred embodiment in use for tracking 
a motor vehicle. 

FIGS. 8A and 8B shoW hoW to assemble a second preferred 
embodiment. 

FIG. 9 is a pattern for cutting strips of Kapton for a ther 
moelectric cover. 
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FIGS. 10A and 10B are pedestal designs. 
FIG. 11 shows a blow up of a module section of a preferred 

thermoelectric cover unit. 
FIG. 12 shoWs the assembled module section. 
FIG. 13 shoWs a seven foot section of an 18-inch pipe 

Wrapped With a 60-foot length of thermoelectric cover. 
FIGS. 14A through 1413(2) shoW various features of a 

preferred embodiment of the present invention. 
FIG. 14G shoWs a preferred embodiment similar to the 

above embodiment designed to ?t a large range of pipe siZes. 
FIGS. 15A through 15N shoW various features of another 

preferred embodiment of the present invention. 
FIGS. 16A through 16F shoW various features of yet 

another preferred embodiment. 
FIG. 17 shoWs features of an embodiment similar to the 

FIGS. 15A through 15M embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

First Preferred Embodiment 

Quick Attaching Thermoelectric Device 

FIGS. 1A through 7 shoW the basic features of a ?rst 
preferred embodiments of the present invention. In this 
embodiment a thermoelectric generator is attached to a cylin 
drical steel tail pipe of a motor vehicle With the magnetic 
force of a plurality of magnets that compresses a thin ?exible 
high heat conducting element against the tail pipe. Preferably, 
the thin ?exible high heat conducting element is a thin copper 
disk and it is braised to a thin bottom portion of a copper 
pedestal that has a Wider ?at upper portion. The Wider ?at 
upper portion is the heat source of a thermoelectric module 
that is compressed betWeen an aluminum ?n unit functioning 
as a heat sink and the ?at upper portion of the pedestal. 
Insulating Wafers on both the hot and cold sides to the ther 
moelectric module provide electrical insulation of the module 
from the copper pedestal and the ?nned heat sink. Heat con 
ducting grease is used to improve thermal conductivity. In this 
preferred embodiment 24 small cylindrical magnets are posi 
tioned around a mid section of the pedestal in 12 aluminum 
bottomless cups betWeen the thin copper disk and the Wide 
?at portion of the pedestal. When in use the thin ?exible disk 
conforms to the shape of the steel (or other iron containing 
material) surface to Which it is attached, and the disk along 
With the rest of the thermoelectric generator is held in place by 
the magnetic force of the 24 magnets. 

FIGS. 1A, 1B and 1C shoW a preferred pedestal 4 for the 
?rst preferred embodiment. It is machined from copper. The 
Wider ?at upper portion 4A has a top surface With a diameter 
of 1.625 inches, a 0.551 inch diameter middle section 4B and 
the thin bottom portion 4C has a diameter of 0.315 inch. The 
thin ?exible copper disk 6 is 10 mils thick and has a diameter 
of 1.625 inches. It is braised to the bottom surface of the 
pedestal as shoWn in FIG. 4. TWelve bottomless cups 8 for 
holding the magnets 10 are made from 5/8 inch aluminum 
streamline tubing by cutting the tubing into 0.47 inch lengths. 
One of those cups is shoWn in FIG. 3A. FIG. 3B shoWs tWo 
magnets 10 positioned in the cup. The magnets are samarium 
cobalt magnets, 0.47 inch in length. The diameter of the inside 
magnet is 0.203 inch and the diameter of the outside magnet 
is 0.234 inch. The magnets are available from Chen Yang 
Engineering located at FranZ-Brombach-STR 11-13, 
D-85435 Erding, Germany. The parts of the thermoelectric 
generator are shoWn bloWn up in FIG. 4. These parts include 
pedestal 4, cups 8 and magnets 10. The thermoelectric mod 
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4 
ule used in this preferred embodiment is a 21/2 Watt thermo 
electric module, Model HZ-2 available from Hi-Z corpora 
tion With o?ices in San Diego, Calif. It is 1.15 inch square and 
0.2 inch thick. It produces more than 2 Watts at 4 volts With a 
365 degree F. (300 degree C.) hot to cold temperature differ 
ence. The ?nned heat sink 12 is a molded aluminum ?n unit 
that is available commercially from Alpha NovaTec located at 
4733 Sapena Ct. #15, Santa Clara, Calif. 95054. The pre 
ferred unit has a square ?at surface With sides 1 .8 inches long. 
Its thickness to the tips of its thin cylindrical ?ns is about 1 
inch. The thermoelectric module is electrically insulated from 
heat sink 12 and pedestal 4 by 10-mil thick alumina Wafers 14. 
Heat conducting grease such as a mixture of 30% diffusion 
pump oil and 70% boron nitride is applied at each heat trans 
fer intersection to improve heat conductivity. The bottomless 
cups are held in place by a thin Wire that is run through holes 
16 located at the bottom of the cups 8. The cups can be 
installed around the pedestal as folloWs: Drill a small hole in 
the outside surface of one of the cups, the “?rst cup”. Cut a 6 
inch length of thin ?exible Wire and form a 0.1 inch loop in 
one end of the Wire. String the other end through hole 1 6 of the 
?rst cup then through hole 16 of the other eleven cups. Then 
run, the end of the Wire through the 0.1 inch loop. Place the 
cups around pedestal 4 and tighten the Wire so that the tWelve 
cups encircle pedestal 4 closely, but With some room to alloW 
the cups to move radially With respect to the Wire. Wrap a 
portion of the loose section of the Wire around the screW and 
cut off the excess portion of the Wire. FIG. 5 shoWs the 
thermoelectric generator 2 fully assembled. FIG. 6 shoWs the 
location of magnets 10. FIG. 7 shoWs generator 2 attached to 
the surface of a cylindrical tail pipe. This unit attaches equally 
Well to any cylindrical, spherical or ?at surface and other 
surface shapes as long With radii of curvature of more than 
about 1% inch. The surface should be relatively clean. A little 
heat conducting grease Will usually improve performance. 
The FIG. 7 draWing shoWs generator 2 providing poWer to a 
transmitter such as Model ST-18 PTT available form Telon 
ics, Inc With o?ices in Mesa, AriZ. 

Second Preferred Embodiment 

Quick Attaching With Rectangular Bottom 

A second preferred embodiment of the present invention is 
shoWn in FIGS. 8A and 8B. This unit is exactly the same as the 
generator of the ?rst preferred embodiment except the thin 
bottom part of pedestal 4 is rectangular rather than circular. 
This second preferred embodiment is useful for attachment to 
?at and cylindrical surfaces but Would not attach very Well to 
spherical surfaces. Also, When attaching it to cylindrical sur 
faces care must be taken to line it up With the axis of the 
cylindrical surface. It should attach very Well hoWever to tail 
pipes and muf?ers of motor vehicles. 

Third Preferred Embodiment 

Thermoelectric Blanket With Top and Bottom 
Copper Foils 

FIGS. 9 through 13 describe a preferred embodiment in 
Which a number of thermoelectric units are contained in a 
cover 30 as shoWn in FIG. 13 useful for Wrapping around hot 
or cold pipes or covering other hot or cold items. A particular 
preferred embodiment is a cover 6 inches Wide With thermo 
electric modules spaced at 5-inch centers. Top and a bottom 6 
inch Wide 10 mil thick Kapton sheets 32 form the structure of 
the cover. The sheets may be any length, but in this particular 
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embodiment they are about 60 feet. Three-inch diameter 
holes 34 are cut in the along a center line of both top and 
bottom sheets at 5-inch centers. Top pedestal 36 and bottom 
pedestal 38 each about 1A inch high and having a Wide diam 
eter part 40 and a narroW diameter part 42 are each braised at 
its narroW surface to a thin ?exible heat conductor 44A and 
44B, preferably 10 mil thick 4-inch diameter copper foil. The 
foils are then thermally fused to cover the three-inch diameter 
holes 34 in the top and bottom Kapton sheets. A long sheet 5 
inches by 60 feet of thermal pipe insulation is prepared by 
cutting 1 .75 -inch diameter holes in the sheet at 5 inch centers. 
The insulation may be tWo layers of With each about 3/s-inch 
thick as shoWn in FIG. 11 With the conductors passing 
betWeen the layers. Or a single layer of about 3A-inch thick 
may be used With the conductors passing under the top Kap 
ton layer. The insulation is laid over the bottom Kapton sheet 
With a bottom pedestal protruding partially through each 
1.75-inch hole in the insulation. Next, a thermoelectric mod 
ule 46, preferably a Hi-Z Model HZ-2, With tWo 10 mill 
alumina insulators 48 are sandWiched betWeen each of the 
144 top and bottom pedestals using tWo small screWs 50 With 
Belleville Washers 52. The modules are connected in series. 
The ?nished product is a 30-foot long 6-inch Wide thermo 
electric cover. The cover is noW available for covering a hot or 
coldpipe to produce electrical poWer from the heat ?oW out of 
or into the pipe. With this embodiment the pipe diameter 
should be at least 18 inches. The user may cut the series 
connections betWeen modules as appropriate to produce 
desired voltage outputs that Will depend in part on the 
expected temperature differences betWeen the top and bottom 
pedestals. For example, the Model HZ-2 produces about 2 
Watts at 4 volts With a 365 degree F. (300 degree C.) hot to cold 
temperature difference. Preferably, the cover is Wrapped spi 
rally around the pipe as shoWn in FIG. 13, but other tech 
niques of Wrapping may be used. Many variations of this 
embodiment are possible. A seven-foot section of an 18-inch 
pipe Wrapped With 60 feet of thermoelectric cover comprising 
144 thermoelectric modules each producing about 2 Watts 
Will produce about 288 Watts With a temperature difference of 
about 300 degrees C. 

Fourth Preferred Embodiment 

Clamp-On Thermoelectric Generator 

A device designed especially to be clamped onto hot pipes 
to provide electric poWer for remote sensors can be described 
by reference to FIGS. 14A through 14F(2). The device is 
shoWn at 60 clamped on to pipe 62 With Worm drive pipe 
clamp 64. Four HZ-2 thermoelectric modules shoWn at 66 are 
held in compression betWeen pedestal 68 and heat sink ?n 
unit 70 With four threaded studs 72, four spacers 74, With six 
Bellville Washers 76 on each stud providing the compression. 
A thin locator plate 78 assures proper positioning of the four 
modules and Kapton Washers 80 (tWo each spacer) insulate 
the ?n unit from the studs. TWo alumina foils 82 provide 
electrical insulation for the module as shoWn in FIG. 14B and 
thermoelectric grease of the type described above is used to 
minimize temperature drop at the interfaces. A thin sheet of 
graphfoil 84 is applied betWeen the surface conforming por 
tion of pedestal 68 and the surface of pipe 62. Details of the 
locator plate 78 are shoWn in FIG. 14C. Details of the studs 
are shoWn in FIG. 14D. The threads have been removed from 
the central portion to the studs. Details of the ?nned heat sink 
70 is shoWn in FIGS. 14E(1) through 14E(3). It is an alumi 
num casting With the bottom surface machined very ?at to 
provide good the temperature conduit to the modules. The 
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6 
pedestal 68 is shoWn in FIGS. 14F(1) to 14F(3). The reader 
should note at 68A in FIG. 14F(3) that the bottom portion of 
the pedestal is designed With a 2% inch cylindrical radius to 
conform the outside surface of a standard 4-inch steel pipe. 

A variation of the embodiment described above that can ?t 
on any of a Wide range of pipe siZes is shoWn in FIG. 14G. In 
this embodiment pedestal 68A has a bottom portion that has 
tWo linear tabs 100 that contacts pipes of a range of siZes 
along tWo lines coaxial With the pipe axis. Heat transfer to the 
pedestal is provided primarily by a highly conductive ?exible 
strap such as Woven copper strap 102 that is tightly com 
pressed against the rounded portion 104 of pedestal 68A and 
most of the circumference of the pipe 62 by stainless steel 
hose clamp 64. A thin sheet of Grafoil (available from Union 
Carbide) may be inserted betWeen the strap and the pipe. 

Fifth Preferred Embodiment 

LoW Cost Blanket 

A ?fth preferred embodiment is another loW cost blanket 
type thermoelectric generator. A preferred technique for mak 
ing it is described by reference to FIGS. 15A through 15M. 
Prepare a long (can be any length) 64 inch Wide section of 10 
mil thick Kapton or Te?on as shoWn in FIG. 15A. DraW a 

center line. Punch 14-inch and 2-inch holes as shoWn at 88 in 
FIG. 14B. Cut lA-inch aluminum plates With diameter or 4 
inches and cut #1 siZe screW threads through the plates. Punch 
16 inch diameter ?exible plates from copper sheet 10 mils 
thick. Cut tWo #1 siZe holes, two 1/2 inch holes on the edge of 
the plate and one 1A inch hole just above the center all as 
shoWn in FIGS. 15C(1) and (2). Lay the small plates under the 
small holes in the big sheet and the big plates on top of the big 
holes in the big sheet such that they are centered on the holes. 
Thermally bond the plates to the sheet at 300 degrees C. In a 
long sheet of 1A-inch pipe insulation cut out 14-inch diameter 
holes to conform the position of the copper plates. Add heat 
transfer grease as shoWn in FIG. 15F. Place a HZ-2 thermo 
electric module on each big plate and push the module Wires 
through the 1/4-inch hole. Fold the sheet about the centerline 
and fasten the plates together such that the module is in 
compression With tWo Wires extending from the blanket for 
each module as shoWn in FIG. 15H. Thermally bond the outer 
rim of the larger plate and thermally bond the outside edge of 
the sheet to itself as shoWn at 90A and 90B in FIG. 151. Store 
the blanket in a roll as shoWn in FIG. 15]. To apply the blanket 
to a hot pipe, ?rst coat the pipe With heat transfer grease as 
shoWn in FIG. 15K. For large diameter pipes, the blanket can 
be applied as shoWn in FIGS. 15L and 15M. Connect the 
modules in series or series and parallel as desired. For smaller 
diameter pipes the blanket can be applied as indicated in FIG. 
13. 

Sixth Preferred Embodiment 

Flexible Strip Blanket 

A sixth preferred embodiment is shoWn in FIGS. 16A 
through 16F. This embodiment is similar to the third and ?fth 
embodiments. HoWever, the copper foils are long rectangular 
foils at 94 as shoWn in FIGS. 16A and 16B. The blanket is 






